August-Copenhagen-Irish (ACI) rats are unique in that the ovaryintact females develop high incidence of mammary cancers induced solely by hormones upon prolonged exposure to high levels of estrogen alone. Studies have also shown that such prolonged exposure to high-dose estrogen results in human-like aneuploid mammary cancers in ovary-intact ACI rats. To determine the role of progesterone in mammary carcinogenesis, six-week-old intact and ovariectomized ACI rats were continuously exposed to low-and high-dose estrogen alone, progesterone alone, low-dose estrogen plus progesterone, and ovariectomized ACI rats with high-dose estrogen plus progesterone. Also, ovariectomized ACI rats were treated with high-dose estrogen plus progesterone plus testosterone to determine the role of the androgen, testosterone, if any, in hormonal mammary carcinogenesis. The results indicate that continuous exposure to high, but not low, concentrations of estrogen alone can induce mammary carcinogenesis in intact but not in ovariectomized rats. Mammary carcinogenesis in ovariectomized ACI rats requires continuous exposure to high concentrations of estrogen and progesterone. The addition of testosterone propionate does not affect tumor incidence in such rats. These results suggest that both ovarian hormones estrogen and progesterone are necessary for mammary carcinogenesis induced solely by hormones in ovariectomized ACI rats. Our results are in agreement with the Women's Health Initiative studies, where treatment of postmenopausal women with estrogen (ERT) alone did not increase the risk of breast cancer, but estrogen and progesterone (HRT) did. I n women, breast cancer is the most prevailing endocrine-related malignancy (1), and epidemiological studies argue that estrogens (E) are central to its etiology (2). Most of what we know regarding the role of ovarian hormones in human breast carcinogenesis is based primarily on epidemiological (2) and animal studies with mice carrying mammary tumor virus or treated with chemical carcinogen (see ref.
I
n women, breast cancer is the most prevailing endocrine-related malignancy (1) , and epidemiological studies argue that estrogens (E) are central to its etiology (2) . Most of what we know regarding the role of ovarian hormones in human breast carcinogenesis is based primarily on epidemiological (2) and animal studies with mice carrying mammary tumor virus or treated with chemical carcinogen (see ref. 3 ) and/or rats treated with chemical carcinogens (4) (5) (6) . The Women's Health Initiative studies showed increased breast cancer risk in postmenopausal women treated with estrogen and progesterone (HRT) (7) but not in postmenopausal women treated with estrogen (ERT) alone (8) . Although E has historically been the focus of breast cancer etiology, it is clear that this E effect must be viewed in context of the entire woman or animal. However, the possible role of progesterone (P), if any, as the other main ovarian hormone in mammary carcinogenesis is essential for the understanding of breast cancer biology and its prevention. Progesterone receptor (PR) depends on the presence of E for its expression (9) (10) (11) . E has been regarded as an initiator (12) and promoter (13, 14) of breast cancer. P has also been thought as a promoter (15) of breast cancer. E has also been thought to induce mammary carcinogenesis via the mitogenesis-mutagenesiscarcinogenesis route (16) (17) (18) through centrosome disturbance via aurora kinase overexpression (19) or through its carcinogenic metabolites (20) .
Our goal was to determine the role of ovarian hormones in mammary carcinogenesis in rats by using carcinogenesis induced solely by hormones. Recent studies by Shull et al. (21) and Li et al. (22) have shown that when a 27.5-mg silastic capsule or 3-mg pellet of E, respectively, is implanted into intact 8-to 9-week-old female August-Copenhagen-Irish (ACI) rats, 100% develop mammary cancers by 6-7 months (21, 22) after hormone treatment. This hormone-induced carcinogenesis was shown by Li et al. to be preventable if the rats were also provided with the antiestrogen tamoxifen (22) . Shull et al. (21) also noted that implantation of E capsules failed to induce mammary cancers in ovariectomized (OVX) ACI rats. This finding suggests that E alone might not be able to cause cancer and that the ovarian hormone, P, also may be required for mammary carcinogenesis in ACI rats. Hormonal carcinogenesis in ACI rats is highly relevant as a model for human breast cancer, because, as shown by Li et al. (22) and Shull et al. (23) , these E-induced cancers exhibit aneuploidy, as do invasive ductal mammary carcinomas in women. Mammary cancers that were chemically induced in the Brown Lewis Norway and Sprague-Dawley rats presented aneuploidy in 10-15% of the mammary cancers, whereas E-induced mammary tumors in ACI and Noble rats showed 85% occurrence in carcinoma in situ and 90% in frank tumors (24) . Li et al. (25) also found that the sequence of events that is believed to occur in women is recapitulated in E-treated rats, where, with time, small focal dysplasias are seen, followed by large focal dysplasias with atypical ductal hyperplasia, ductal carcinoma in situ, and finally frank mammary cancers. ACI appears to be a strain of rat highly suitable for analyzing the role ovarian hormones play in hormonal mammary carcinogenesis.
In this study of hormonal mammary carcinogenesis, we describe the effects of low and high doses of E and low doses of E with P in ovary-intact ACI rats. In OVX rats, in addition to these similarly treated groups, we will also investigate the effect of high doses of E with P in ovarian hormone-induced mammary carcinogenesis. These studies are intended to clarify whether E and/or P are necessary for mammary carcinogenesis induced solely by hormones. In addition, in the Noble rat strain, treatment with E in silastic capsules produced a 22% mammary cancer incidence. Treatment with silastic capsules of testosterone propionate (TP) alone produced a 17% incidence. However, the combination of E plus TP produced a 53% incidence (26) . Moreover, epidemiological studies have shown that high circulating levels of endogenous estrogen and testosterone increase the risk of breast cancer in both premenopausal (27) and postmenopausal women (28) (29) (30) (31) . Therefore, here, we also study the combined influence of E with P and testosterone propionate (TP) on mammary carcinogenesis in ACI rats. Our results have implications for the role of ovarian hormones in breast carcinogenesis and for both HRT and ERT treatment of postmenopausal women.
Results

Effect of Hormonal Treatment with Estrogen (E), Progesterone (P), and Testosterone Propionate (TP) on Body Weights of Female ACI Rats.
The initial mean body weight of female ACI rats was Ϸ105 g before treatment starting at 6 weeks (32) ( Table 1) . Twenty-two weeks after the initial implantation of 30 mg of E (high E), female ACI rats from group 3 showed statistically significant weight loss (P Ͻ 0.0005) compared with the untreated intact control, group 1 (Table  1) . Similarly, compared with the untreated OVX control (group 6), statistically significant weight losses were seen in group 8, which was treated with 30 mg of E (P Ͻ 0.0005); group 11, which was treated with 30 mg of E plus 30 mg of P (P Ͻ 0.0005); and group 12, which was treated with 30 mg of E plus 30 mg of P plus 30 mg of TP (P Ͻ 0.0005) ( Table 1) . Therefore, at 28 weeks of age and 22 weeks after initial treatment, all of the implanted 30-mg E capsules were exchanged with 3-mg E capsules to reduce weight loss. At the termination of the experiment, group 1 (the intact control group) showed no statistical weight differences when compared with group 3, which was treated with high E (30 mg 3 3 mg). In the OVX rats, group 8, which was treated with high E (P Ͻ 0.005), and group 11, which was treated with high E plus 30 mg of P (P Ͻ 0.005), showed statistically significant weight loss compared with group 6 (the OVX control). However, group 12, which was treated with high E plus 30 mg of P plus 30 mg of TP, showed no statistical differences in body weight compared with group 6, the OVX control. As a result of high estrogen treatment, survival was affected in groups 3 (7/15), 8 (8/14) , and 11 (11/14) .
Effect of Various Doses and
Combinations of E and P in Ovary Intact and E, P, and TP in OVX Female ACI Rats on Mammary Lobulo-Alveolar Development at Termination (45 weeks of age). Group 1, the untreated intact controls (Fig. 1A) , and group 6, the untreated OVX controls (Fig. 1B) , showed very little lobulo-alveolar development (Table 2 ). However, although in group 1 (intact control) ductal growth filled the entire mammary gland fat pad at 45 weeks of age, in group 6 (OVX untreated control), ductal growth filled an average of only 70% of the mammary gland fat pad. Group 2 (intact) and group 7 (OVX) treated with low E (10 g of E) showed a slight increase in ductal growth ( Fig. 1 C and D, respectively) , and ductal growth filled the mammary gland fat pad in both cases. High E alone caused extensive lobulo-alveolar growth and filled the mammary gland fat pad in the intact group 3 (Fig. 1E ). In contrast, OVX group 8 ( Fig. 1F) , which was treated with high E, also demonstrated extensive lobulo-alveolar development, which filled on average only 75% of the mammary gland fat pad. However, upon termination, groups 3 and 8 exhibited milky secretions in their mammary glands. Treatment with 30 mg of P showed ductal growth in intact group 4 ( Fig. 1G ) but much less ductal branching in OVX group 9 ( Fig. 1H) , and ductal growth filled the mammary gland fat pad in both cases. Intact group 5, which was treated with low-dose E (10 g) plus 30 mg of P (Fig. 1I ), showed ductal growth that was more extensive than in groups treated with either 10 g of E or 30 mg of P, and the ductal growth filled the mammary gland fat pad. OVX group 10 ( Fig. 1J) , which was treated with 10 g of E plus 30 mg of P, showed ductal growth but reduced branching versus the similarly treated intact group 5. The most extensive lobulo-alveolar development occurred in the OVX groups 11 ( Fig. 1K) , which was treated with high E plus 30 mg of P, and 12 ( Fig. 1L) , which was treated with high E plus 30 mg of P plus 30 mg of TP. Both OVX groups 11 and 12 showed mammary gland development characteristic of late pregnancy with milky secretions, although, in group 12, mammary gland development was the most extensive.
Development of Mammary Cancers in Ovary Intact and OVX Female ACI Rats upon Treatment with Various Doses and Combinations of E,
P, and TP. Continuous exposure to low doses of 10 g of E, 30 mg of P alone, or 10 g of E plus 30 mg of P in intact groups 2, 4, and 5 and OVX groups 7, 9, and 10 failed to induce mammary cancer in female ACI rats. In group 3, treatment with high-dose E alone ( Fig. 2 ) caused mammary carcinogenesis beginning at 25 weeks after treatment in 71% of intact ACI rats (latency, 228 Ϯ 25 days; multiplicity, 1.4 Ϯ 0.8 cancers per rat) but not in OVX group 8 rats (0/8) (statistical significance, P ϭ 0.007). Cancer incidence in intact group 3 treated with high E was not statistically different from OVX group 11 treated with high E and P and group 12 treated with high E, P, and TP. In intact group 3, which was treated with high E, four rats had palpable cancers, and one had ductal carcinoma in situ. The addition of 30 mg of P to high E in group 11 caused palpable mammary carcinogenesis in 100% of OVX ACI rats (latency 193 days, multiplicity 3.1 Ϯ 0.6 cancers per rat). The addition of 30 mg of TP to high E plus 30 mg of P in group 12 also caused palpable mammary carcinogenesis in 100% of OVX ACI rats (latency, 208 Ϯ 10 days, multiplicity 3.1 Ϯ 0.7 cancers per rat). Groups 11 and 12 Body weight at initiation of hormone treatment at 6 weeks was Ϸ105 g. The number of rats used to calculate body weight is in parentheses. The number of surviving rats indicates premature deaths occurring before the termination of the experiment and not because of tumor growth. E, estrogen; P, progesterone (P); TP, testosterone propionate. *At 28 weeks of age (22 weeks of treatment), 30 mg estrogen capsules were exchanged with 3 mg estrogen for the remainder of the experiment.
showed initial mammary cancer appearance at 20 weeks (Fig. 3) . Compared with the OVX group 8, which was treated with high E, both group 11 (P ϭ 1.32 ϫ 10 Ϫ5 ) and group 12 (P ϭ 3.1 ϫ 10 Ϫ6 ) showed statistical significance in mammary cancer incidence. Mammary cancer types were cribriform and comedo. No mammary cancers were induced in any other intact group: control (0 of 10 rats), 10 g of E (0 of 15 rats), 30 mg of P (0 of 15 rats), 10 g of E plus P (0 of 15 rats) or the following OVX groups: control (0 of 10 rats), 10 g of E (0 of 15 rats), 30 mg of P (0 of 15 rats), 10 g of E plus P (0 of 14 rats).
Pituitary Adenomas. Pituitary adenomas were found in both intact and OVX ACI rats (Groups 3, 8, 11, and 12), which were exposed to high estrogen, but not in any other group.
Discussion
Breast cancer incidence is high in developed countries, and breast cancer is increasing in developing countries as is longevity (33) . No initiator of breast carcinogenesis is known except in the case of radiation exposure from either the atomic bombs in Japan (34) or radiation treatment for Hodgkin's lymphoma (35) . At this time, a complete cure for all breast cancers is not possible. Prevention may be a possibility, and some BRCA-1/2 carrier women are opting for drastic measures, such as oophorectomy and/or total mastectomy at a relatively early age (36, 37) . Anti-estrogen drugs are used in the prevention and therapy of human breast cancer (38, 39) . All these drugs are based on the idea that estrogen is the primary ovarian hormone associated with breast carcinogenesis. Side effects with anti-estrogenic drugs can be quite severe (40) . Early menarche (41) and late menopause (13) have been shown to produce increased risk of breast cancer because of increased exposure to estrogen. Also, estrogen has a mitogenic effect on breast tissue, resulting in greater breast density (42) , which is considered a breast cancer risk factor. All of these studies have led to the idea that estrogen is a hormonal carcinogen and the possibility that the paradigm of mitogenesismutagenesis-carcinogenesis (16-18) may be the reason estrogen induces breast carcinogenesis. However, progesterone may also contribute to breast cancer risk, because it has been shown that breast epithelial cells present the highest level of mitogenesis during the luteal phase of the menstrual cycle when progesterone levels are at their highest (43, 44) .
Using a unique strain of rat, ACI, several investigators have shown that continuous exposure to pregnancy level of estrogen alone causes high incidence of mammary cancer (19, 23) and that estrogen metabolites are not carcinogenic by themselves in vivo in ACI rats (45) . It has been reported that the mechanism of mammary carcinogenesis induced solely by estrogen is overexpression of Aurora-A, a centrosome kinase, leading to centrosome amplification and chromosomal instability (19) . Progesterone has also been shown to contribute to chromosome instability in mammary cancer of p53 null mice (46) . Our current studies were undertaken to determine the endocrine basis for ovarian involvement in the estrogen-induced mammary cancer in intact ACI rats. As mentioned in the introduction, one study by Shull et al. (21) was unable to induce mammary cancer with high-dose estrogen in ovariectomized ACI rats. Furthermore, Harvell et al. (47) reported that high estrogen treatment in caloric-restricted ACI rats reduced tumor incidence to 59% compared with 100% for the normal diet control. This estrogen-induced mammary carcinogenesis did not depend on circulating prolactin levels but was thought to be possibly due to a reduction in circulating progesterone (47) . High doses of estrogen in groups 3, 8, 11, and 12 produced pituitary adenomas, which has been shown to result in increased prolactin production (21) . The luteotrophic action of prolactin results in higher circulating levels of progesterone (48) , which further suggests a role for this hormone.
Therefore, based on these important findings, we designed our current experiments to determine the reasons for the protective effect of ovariectomy in preventing estrogen-induced mammary carcinogenesis in ovariectomized ACI rats. The distinguishing difference between our experiments and those experiments of Shull et al. (21) and Li et al. (22) with intact rats is that our rats received their initial implant at 6 weeks, and their rats received their initial implant at 8-9 weeks. At 6 weeks, ductal growth in the mammary fat pad of ACI rats is less extensive than in 8-to 9-week-old ACI rats (unpublished results). All of these experiments used continuous treatment with comparable high pregnancy levels of estrogen. Although the results of Shull et al. (21) and Li et al. (22, 45) have demonstrated that treatment with high estrogen alone produced mammary carcinogenesis in 100% of ovary-intact ACI rats without premature mortalities, our results showed a delayed appearance of mammary cancer and a reduced (71%) incidence with premature mortalities. This reduced cancer incidence in our experiment is likely because, in our rats, initial hormonal treatment was begun at 6 weeks, when the mammary fat pad contained fewer ducts, and because high estrogen can stunt mammary gland growth (49 loss upon treatment with pregnancy level estrogen. In the experiments of Shull et al., these estrogen treatments produced pregnancy levels of circulating estrogen between 120 and 185 pg/ml (21, 32) , and, in the experiments of Li et al., between 96 and 150 pg/ml (22, 24, 25, 45) . Our previous results showed that a 3-week treatment with 30 mg of estrogen plus 30 mg of progesterone in intact rats produced circulating levels of estrogen of 168.8 Ϯ 22.1 pg/ml (50) . Treatment with 30 mg of estrogen alone for 1 week to 6 months produced circulating levels of between 118 and 166 pg/ml (unpublished results). These results fall within the normal levels for estrogen in pregnant rats (55-630 pg/ml) (51). We have also found that silastic capsules produce a steady rate of release of estrogen. In a dose-response experiment, Turan et al. (45) demonstrated that pellets containing 3 mg of estrogen produced 100% incidence of mammary cancer in intact ACI rats, but 1 mg of estrogen produced only 50% incidence of mammary cancer after 36 weeks of continuous treatment. This demonstrates that doses of lower pregnancy levels of estrogen are insufficient to induce 100% mammary carcinogenesis. The levels of progesterone in the estrous cycle range from 5 to 50 ng/ml and between 45 and 130 ng/ml during pregnancy (51) . Results have shown that 30 mg of progesterone capsules produce a non-pregnancy level of 25.8 Ϯ 6.6 ng/ml in circulation (50) . What distinguishes the levels produced by capsules is the constancy of hormone levels versus the cyclic nature of production of estrogen and progesterone during the normal estrous cycle. We also chose to treat such rats with a low non-pregnancy dose of estrogen (10 g ) that has been shown to produce a continuous circulating level of estrogen of 21 pg/ml (unpublished results) compared with 18.3 pg/ml in untreated age matched rats (50) . This low non-pregnancy dose of estrogen caused some ductal growth but no mammary cancers in both the ovary-intact and OVX ACI rats. Our hormonal mammary carcinogenesis experiment differed from the previous experiments of Shull and Li in that we used progesterone in addition to estrogen. When intact and OVX ACI rats were treated with progesterone alone, only the intact rats showed ductal growth. When 30 mg of progesterone treatment was added to 10 g of estrogen, neither OVX nor ovary-intact rats displayed any mammary carcinogenesis, although both showed ductal growth that was greatest in the intact rats. All high estrogen groups in ovaryintact or OVX rats produced lobulo-alveolar proliferation. Ductal or lobular-alveolar growth filled the fat pad in all untreated and treated intact groups at the termination of the experiment at 45 weeks. However, in the OVX untreated (group 6) and OVX (group 8) groups, high E-treated ACI rats exhibited Ͻ100% filling of the mammary fat pad.
Our results have confirmed the finding of Shull et al. (21) , where female OVX ACI rats failed to develop mammary cancer when they were treated with high estrogen and have expanded the role of ovarian hormones, as follows, in mammary carcinogenesis in ACI rats (1) . Neither treatment with low E, P, or low E plus P was sufficient to induce mammary carcinogenesis (2) . Continuous ex- Fig. 2 . Effect of various doses of estrogen (E), E plus progesterone (P), and P alone on mammary carcinogenesis in ovary-intact ACI rats. Tumors appeared only in the high E (30 mg 3 3 mg) (filled squares) group. All other groups (filled diamonds) had no tumors. Fig. 3 . Effect of various doses of estrogen (E), E plus progesterone (P), P alone, or E plus P plus testosterone propionate on mammary carcinogenesis in ovariectomized ACI rats. Tumors appeared only in high E (30 mg 3 3 mg) plus 30 mg of P (filled squares) and high E (30 mg 3 3 mg) plus 30 mg of P plus 30 mg of TP (filled triangles) groups. All other groups (filled diamonds) had no tumors. Hormone treatment was initiated at 6 weeks of age and terminated at 45 weeks of age after 39 weeks of treatment. E, estrogen; P, progesterone; TP, testosterone propionate; ND, not done. *Number of rats with mammary carcinoma/total rats in group. † At 28 weeks of age (22 weeks of treatment), 30-mg E capsules were exchanged with 3-mg E capsules for the remainder of the experiment.
posure to high concentration of estrogen alone is sufficient for full lobulo-alveolar development in mammary glands of both intact and OVX rats, which was maintained for the duration of the experiment. However, such exposure results in mammary carcinogenesis in intact rats but fails to do so in OVX rats. These results also suggest that mitogenesis under special hormonal environment and not mitogenesis alone can result in mammary carcinogenesis.
OVX rats develop 100% of mammary cancer and intense lobuloalveolar development only in the presence of high circulating levels of estrogen and relatively low non-pregnancy level of progesterone (4) . OVX rats also develop 100% mammary cancer, when they are treated with testosterone propionate in addition to high estrogen and progesterone. In these rats, the intensity of lobulo-alveolar differentiation was increased over high estrogen and progesterone alone. Further studies, including the use of estrogen and testosterone without progesterone, will be required to elucidate the role of testosterone. We have found that high circulating pregnancy levels of estrogen along with relatively low non-pregnancy levels of progesterone are necessary for mammary carcinogenesis, which raises the possibility that it might be easier to antagonize progesterone levels with anti-progesterones rather than antagonize estrogen levels with anti-estrogens for preventive and therapeutic treatment of estrogen and progesterone receptor positive breast cancers.
To our knowledge, this is the first unequivocal demonstration that hormonal mammary carcinogenesis in the ACI rats requires prolonged exposure to both estrogen and progesterone. Further studies with various estrogen and progesterone doses will be necessary to determine the physiological roles of both pregnancy and non-pregnancy levels of ovarian hormones and their effects on mammary carcinogenesis. Finally, it has been more than 100 years since Beatson's discovery that ovary plays a major role in breast carcinogenesis in human females (52) and more than 70 years since Lacassagne's discovery that estrogen is the ovarian hormone involved in mouse mammary carcinogenesis (53) . Later studies showed that these mice were infected with mouse mammary tumor virus (see ref. 3 for details). Our current study indicates that the other major ovarian hormone, progesterone, may also be necessary in mammary carcinogenesis induced solely by hormones in ovariectomized ACI rats. Further studies with anti-progesterones in intact ACI rats treated with high estrogen and ovariectomized ACI rats treated with high estrogen and progesterone will be necessary to determine whether progesterone, along with estrogen, is the ovarian cofactor for the hormonal induction of mammary carcinogenesis. Our results are in agreement with the results of the Women's Health Initiative studies, where estrogen alone given to women with hysterectomies produced no increase in breast cancer (8) , but the combination of estrogen and progesterone increased relative risk for invasive breast cancer (7).
Materials and Methods
Animals. ACI female rats were obtained from Harlan Sprague-Dawley at 4 weeks of age. Rats to be used intact were kept for 2 weeks before use, and the remaining rats were ovariectomized at 5 weeks. Treatment for intact and OVX rats was initiated for both groups at 6 weeks of age. They were fed Teklad 8640 and water ad libitum. Rats were kept in our vivarium in temperaturecontrolled rooms with a 12-h/12-h light/dark schedule. The University of California, Berkeley animal facility is accredited by the American Association for Accreditation of Laboratory Animal Care, and standards of the Guide for the Care and Use of Laboratory Animals were followed.
Hormonal Treatment. At 6 weeks of age hormonal treatment was started for all groups of rats. All hormones were packed in individual silastic capsules [0.078 inch (1 inch ϭ 2.54 cm) i.d. ϫ 0.125 inch o.d.). Capsules to contain 30 milligrams of progesterone (P), 17␤-estradiol (E), or testosterone propionate (TP) were packed without cellulose. Three milligrams of E or 10 g of E were packed with cellulose (Sigma) to make up to 30 milligrams of material. Both 30-mg and 3-mg E capsules give rise to pregnancy level of E (measured at 55-630 pg/ml) in plasma (51) . We define 10 g of E, which gives 21.7 Ϯ 6.6 pg/ml (unpublished results) and which is a level within the normal estrous cycle of 5-45 pg/ml (54), as low E. Control animals received empty silastic capsules. Silastic capsules were implanted dorsally s.c. Capsules were primed before implantation overnight by soaking at 37°C in medium 199 (Gibco).
Experimental Groups and ACI Rat Survival. Due to body weight loss of rats implanted with 30-mg E capsules, all these capsules were exchanged for 3-mg E capsules at 22 weeks after the initiation of hormonal treatment. Thereafter, treatment was continued for an additional 17 weeks for a total of 39 weeks. See Table 1 for experimental groups. Each group began with 14 -15 rats except group 1, the intact control, and group 6, OVX control, which had 10 rats each. Survival in groups treated with high estrogen was affected and is recorded in Table 1 .
Tumor and Tumor Palpation. Palpation began 6 weeks after initial hormonal capsule implantation. Rats were palpated weekly, and the length and width of tumors were measured with calipers. All surgeries were performed under continuous isoflurane anesthesia (Baxter Healthcare) delivered with oxygen push by equipment from VetEquip. Buprenex analgesic was given to each rat after surgery. When tumors reached 1 cm or larger, they were removed and fixed in phosphate buffered formalin for 18 -24 h and then transferred to 70% ethanol before embedding in paraffin and sectioning. All tumors were then sectioned at 5 m and stained with hematoxylin and eosin, and the histological type of mammary cancer was determined. Latency was calculated from appearance of the first palpable mammary cancer of each rat induced from the initiation of treatment. Rats were terminated when their third mammary tumor reached 1 cm as required by our University of California Institutional Animal Care and Use Committee or when they reached 45 weeks of age. All University of California Animal Care and Use Committee guidelines were followed.
Whole-Mount Analysis of Mammary Gland of Treated ACI Rats. Mammary glands were excised and fixed in 10% formalin in PBS for 18 -24 h. They were then defatted in acetone for 2 days and then transferred to 70% ethanol before staining with iron hemotoxylin for 2 days. Subsequently, they were dehydrated in a series of alcohols and then transferred and kept in Histo-Clear (National Diagnostics) before being microscopically examined for mammary growth, including lobulo-alveolar differentiation.
Statistics. Among the treated groups, statistical significance of tumor incidence in rats was analyzed by Fisher's exact test, whereas the influence of hormonal treatment on body weights was determined by the Student's t test. Results are reported as mean Ϯ SE. Statistical significance was determined at P Ͻ 0.05.
